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Abstract 


The  effect  cm  the  capacities  of  positive  and  negative  limiting 
sintered  plate  Si-Cd  cells  of  varying  the  ROH/KgCCfcj  ratio  of  an 
electrolyte  vhich  is  approximately  7H  in  total  alkalinity  is  reported. 
K2CO3  contents  of  2k,  71  end  238  g/l  were  investigated.  Data  are  also 
presented  on  the  specific  resistance  of  various  KCH-KgCOj  solutions 
over  the  temperature  range  of  86°F.  to  -bO°F.  There  vas  no  narked 
difference  In  performance  of  either  positive  or  negative  capacity 
limiting  cells  with  electrolyte  containing  2^  or  71  g/l  of  XgCOo. 
However,  there  was  an  appreciable  adverse  effect  on  the  performance 
of  cells  when  the  carbonate  content  was  238  g/l  K0CO0,  particularly 
for  the  negative  capacity  limiting  cells.  From  the  results  of  the 
capacity  and  specific  resistance  measurements,  it  is  recommended 
that  the  maximum  allowable  carbonate  content  for  the  electrolyte  in 
sintered  plate  ili-Cd  cells  be  set  at  100  g/l  KgCOy 
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THE  EFFECT  OF  CARBCHATK)  ELMROLYTE  Off  THE 
PERFORMANCE  OF  SXHTSQSD  PLATE  NICKEL-  CADKIUM  CELLS 


INTRODUCTION 

Sintered  plate  nickel-cadmium  cells  and  batteries  have  been  devel¬ 
oped  for  use  with  military  eqpiipeents  primarily  because  of  their  excel¬ 
lent  high  rate  and  low  temperature  performance ♦  However,  it  is  known 
that  the  high  rate  and  low  tessperaiure  performance  is  adversely  affected 
aa  the  carbonate  content  of  the  initial  31$  KOH  electrolyte  Increases . 
This  increase  during  use  of  the  battery  is  due  mainly  to  three  factors : 
(l)  Absorption  of  COg  from  the  air  (&}  Presence  of  residual  carbonate  in 
the  positive  and  negative  plates  toe  to  insufficient  washing  during  their 
preparation ,  s&d  \3/  Oradnsl  oxi. d»t  1  on  of  or gani c  separator  materials  to 
carbonate*  Opinions  differ  as  to  how  high  the  carbonate  content  of  the 
electrolyte  may  go  before  it  should  be  changed*  Final1  states  that  some 
users  place  the  limit  at  30  grams  KgCO^/llter,  whereas  others  permit  as 
high  as  90  grams  KgCOo/liter.  Casey  2,3  found  that  the  negative  sinter¬ 
ed  plate  was  more  adversely  affected  than  the  positive  plate  by  carbonate 
contamination  of  the  electrolyte  and  that  the  negative  plates  showed  a 
minimum  in  performance  at  20-30  equivalent  $  of  carbonate  at  O  and  -40 °F 
vith  a  gradual  rise  to  a  naxiaum  at  about  60  equivalent  $  followed  by  a 
sharp  dropoff  above  this  concentration.  In  order  to  establish  a 
allowable  limit  for  military  sintered  plate  Si-Cd  cells,  an  investigation 
was  initiated  to  study  the  effect  of  increases  in  the  carbonate  content 
of  the  electrolyte  on  the  c^&city  of  these  cells  and  on  the  specific  re¬ 
sistance  of  the  electrolyte. 

EXPERIMENTAL  PROCEDURE 

Cell  Performance  Characteristics 

Each  test  cell  consisted  of  three  sintered  plates  which  were  assem¬ 
bled  in  Bakelite  C-ll  containers  and  mechanically  separated  by  grooved 
supports*  Both  positive  capacity  limiting  and  negative  capacity  limiting 
cells  were  used  in  order  to  determine  the  effect  of  the  various  carbon¬ 
ated  electrolytes  on  each  plate  separately.  The  positive  limiting  cells 
contained  two  negative  plates  and  one  positive  plate  and  the  negative 
limiting  cells  contained  two  positive  plates  and  one  negative  plate.  All 
plates  were  3-5/l6"  high  x  2-7/8**  wide  with  the  negative  plates  having  a 
thickness  of  .037”  and  the  positive  plates  a  thickness  of  .044**.  A  sin¬ 
tered  cadmium  plate  was  used  as  a  reference  electrode  In  each  cell  so 
that  both  positive  and  negative  plate  capacities  could  be  determined. 

Three  electrolytes  were  used  in  this  phase  of  the  investigation. 

They  were  prepared  by  mixing  approximately  7N  aqueous  solutions  of  avail¬ 
able  reagent  grade  KGH  and  KgCO^.  The  first  solution,  designated  as 
Electrolyte  1,  was  a  solution  of  KGH  with  no  deliberate  addition  of 
KgCOo,  Electrolytes  2  and  3  had  higher  carbonate  concentrations  as  a 
result  of  adding  KgCOg  to  Electrolyte  1.  The  amounts  of  KQH  and  K2CO3 
in  the  three  electrolytes  were  determined  by  titration  vith 


1 


standard  BgSO^  to  phenolphthaleln  and  screened  methyl  orange  and 
points  and  vests  found  to  be  as  shown  at  the  bottvw  c?  Tables  I  and 
H.  It  can  be  seen  that  Electrolyte  1,  which  was  intended  to  be 
pure  KOH,  actually  had  almost  2k  g  KqCO-Ji.  Most  of  this  carbonate 
cane  free  the  1C0S  pellets  used  to  prepare  the  solution  and  sene  of 
It  Aron  the  distilled  water  used. 

A  total  of  twelve  test  cells  were  assembled,  two  positive  capa¬ 
city  Uniting  and  two  negative  capacity  Uniting  for  each  of  the 
three  electrolyte  concentrations  «  All  twelve  cells  were  first  filled 
with  Electrolyte  1  (3&L  g/l  KOH  +  23.6  g/l  KjjCOj)  to  determine  their 
initial  capacities  at  approximately  the  five  hoar  rate  (0.5 A)  at  70 °F, 
After  three  of  these  cycle©  the  electrolyte  wan  changed  in  eight  of 
the  cells  to  the  other  two  concentrations  under  investigation  and  the 
rest  of  the  electrical  tests  were  then  carried  out  on  all  twelve  cells. 
All  discharges  were  carried  out  at  0.5  A,  except  for  one  discharge  at 
7*5  A.  This  rate  was  chosen  to  represent  a  high  rate  discharge  since 
USAKL  specifications  require  15  minutes  of  service  to  a  cutoff  voltage 
of  1.0  v/  cell  when  Ri-Cd  cells  are  discharged  at  three  times  the 
rated  capacity  in  amperes.  In  this  case  considering  the  average  capa¬ 
city  of  the  cells  to  be  2.5  A.  H*  at  the  five  hour  rate  this  would  be 
3  x  2.5  or  7*5  A.  AH  charges  were  conducted  at  0.5  A.  for  eight 
hours  or  a  total  input  of  4  A.H.  (l6ojt  of  the  average  capacity  of  2.5 
A.H.).  Charges  were  also  carried  out  at  -to0?,  and  -65 °F  because  it 
had  been  found  in  the  past  that  low  temperature  charging  of  Ni-Cd 
cells  sometimes  improves  their  subsequent  discharge  performance  at  low 
temperatures. 

Resistivity  Measurements 

Resistivity  determinations  were  conducted  on  five  solutions 
having  a  total  alkalinity  of  approximately  78  and  varying  from  almost 
pure  SDH  to  pure  KgCO,.  The  exact  concentrations  of  the  five  solu¬ 
tions  were  again  determined  by  titration  with  standard  HgSOi*  to  the 
pbenolphthale in  and  screened  methyl  orange  end  points.  These  concen¬ 
trations  are  given  in  Figure  2.  Solutions  A  and  C  are  the  same  as 
Electrolytes  1  and  3  used  in  the  cell  performance  studies.  The  mea¬ 
surements  were  made at  intervals  of  18°F  ( 10°C .)  from  66°F.  (30°C.) 
down  to  -to°F.  (-too.).  In  those  cases  where  the  solution  froze 
above  -to°F.  the  measurements  were  made  to  the  selected  temperature 
closest  to  freezing. 

A  conductivity  bridge,  RC16B2,  made  by  Industrial  Instruments, 

Inc.,  and  a  glass  fill  type  conductivity  cell  with  two  platinized 
electrodes  a  fixed  distance  apart  were  used  for  the  measurements . 

The  ce?l  constant  K  was  determined  using  a  standard  solution  of 
BgSOi  whose  specific  conductance  L  was  known. 
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X  was  obtained  from  the  following  formula: 

K  «  L  x  % 

where  , 

K  *  Cell  constant  in  cm” 

L  *  Specific  conductance  of  standard  HgSO^  in  ohm“'“cm“1 
*  Measured  resistance  in  ohms 

The  specific  resistance  or  resistivity  of  the  various  solutions  was 
determined  from  the  following  formula: 

R  ■  Ra 
K 

where 

R  «  Specific  resistance  in  ohm- cm 

All  low  temperature  measurements  were  made  by  cooling  the  solution 
below  the  desired  temperature  with  a  dry  ice  in  alcohol  bath  and 
then  allowing  the  solution  to  warm  to  the  specified  temperature. 

RESULTS 

Cell  Performance  Characteristic  g 


The  results  obtained  on  the  electrical  tests  of  the  cells  are 
shown  in  Tables  I  and  H  and  also  in  Figure  1.  In  Tables  I  and  n 
the  results  are  given  for  both  cells  at  each  test  condition  in  terms 
of  the  actual  capacity  and  in  terms  of  the  percentage  of  the  initial 
capacity  obtained  with  each  cell  when  it  was  discharged  at  0.5  A.  at 
70°F.  in  Electrolyte  1.  In  Figure  1  the  average  values  for  the  two 
cells  at  each  test  condition  are  plotted  as  the  percentage  of  the 
initial  capacity. 

The  result b  show  that  the  negative  limiting  cells  were  more  ad¬ 
versely  affected  than  the  positive  limiting  cells  as  the  carbonate 
content  of  the  electrolyte  was  increased.  With  the  positive  limiting 
cells  the  highest  carbonate  content  electrolyte  gave  significantly 
poorer  results  than  the  other  electrolytes  only  at  -65°F.  In  the  case 
of  the  negative  limiting  cells  poorer  performance  was  obtained  with 
the  highest  carbonate  electrolyte  at  the  high  discharge  rate  (7*5  A.) 
at  70°F.  and  also  at  -40°F  and  -65  K.  It  is  significant  to  note  that 
in  all  cells,  both  positive  limiting  and  negative  limiting,  there  was 
no  appreciable  difference  in  performance  between  cells  containing 
Electrolyte  1  (24  g/l  K0CO3)  and  those  containing  Electrolyte  2 
(71  g/l  KgC03)  •  The  only  noticeable  effect  of  the  low  temperature 
is  that  the  performance  of  the  positive  limiting  cells 
appears  to  be  lower  when  charged  and  discharged  at  -65°F.  than  when 
charged  at  70°F.  and  discharged  at  -65°F.  The  reason  for  this  is 
not  known.  This  effect  does  not  shew  up  with  the  positive  limiting 
cells  at  -40®F.  nor  with  the  negative  limiting  cells  at  either  -65®F. 
or  -Uo°F. 
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Resistivity  Measurements 


»■#«* 


The  results  of  the  resistivity  measurements  are  shewn  in  Figure 
2#  The  resistivities  are  plotted  in  ohm-cass.  against  temperature  in 
®?t  and  °C*  for  the  five  solutions  whose  concentrations  are  indicated 
in  the  figure*  It  can  he  seen  that  at  any  temperature  the  resistivity 
of  the  solutions  increased  as  the  carbonate  content  increased  and  fear 
dll  solutions  the  resistivity  increased  as  the  temperature  decreased. 

All  solutions  tested  except  that  with  the  lowest  carbonate  content 
(£4  g/l)  froze  shove  -40°?,  This  Indicates  that  to  prevent  freezing 
of  the  electrolyte  at  -4g°F.,  the  carbonate  contest  mast  be  leas  than 
127  g/l  K^COy 

CONCLUSIONS 

From  the  results  of  the  cell  performance  tests  it  can  be  conclud¬ 
ed  that  the  maxim.ua  allowable  carbonate  content  of  the  electrolyze 
lies  between  71  and  238  g/l  KpCO y  Furthermore,  if  performance  down 
to  -40°F  is  required,  then  the  carbonate  content  of  the  electrolyte 
should  be  below  127  g/l  K^CO^  in  order  to  prevent  freezing  at  -k>°F. 

It  is  therefore  recommended  that  the  maximum  allowable  carbonate 
contact  for  the  electrolyte  in  sintered  plate  Ni-Cd  cells  be  set  at 
100  g/l  KgpOy 
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1 3  ABSTRACT 

The  effect  ro  the  capacities  of  positive  sod  negative  Halting  sintered 
plate  Mi-04  cells  of  varying  the  KDH/kgOOg  ratio  of  an  electrolyte  which  is 
approximately  71  in  total  alkalinity  is  reported.  2UGO3  contents  of  24,  71 
and  238  gjx  were  investigated.  Data  are  also  presented  on  the  specific 
resistance  of  various  KOH-KgOOj  solutions  over  the  temperature  range  of  86°?. 
to  -40°?*  There  was  so  marked  difference  in  performance  of  either  positive 
or  negative  capacity  limiting  cells  with  electrolyte  containing  24  or  71  g/l 
of  KgOOo.  However,  th&re  vaa  an  appreciable  adverse  effect  on  the  performance 
of  cells  when  the  carbonate  content  was  238  g/l  KgCO-,,  particularly  for  die 
negative  capacity  Halting  cells.  Prcm  the  results  of  the  capacity  sad  specific 
resistance  measurements,  it  is  race— ended  that  the  mart  mas  allowable  carbonate 
content  fbr  the  electrolyte  is  sintered  plate  li-Od  cells  be  set  at  100  g/l  KoCO, 
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